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(54) TORQUE SENSOR AND ELECTRIGALLY-DRIVEN STEERING DEVICE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify the structures 
on the input shaft side and output shaft side in 
cornparison with a conventional torque sensor provided . 
with a pair of rings made of a magnetic body provided 
with rectangular tooth parts at their faces. 
SOLUTION: This electrically-driven steering device is 
provided with first and second magnetic wave lines 11 
and 12 provided for an input shaft 1 along its 
' circumferential direction, a third magnetic wave line 13 
provided for an output shaft 3 along its circumferential 
direction, and first td third magnetic sensors 21, 22, and 
23 each fixed opposingly to the magnetic wave lines 11- 
13. The first and second magnetic wave lines 11 and 12 
are differently located in the direction of rotation of the 
input shaft 1, torque added to the input shaft 1 is 
obtained on the basis of each detected value detected 
by the first and third magnetic sensors 21 and 23. The 
angle of rotation of the input shaft 1 is obtained on the 
basis of each detected value detected by the first and 
second magnetic sensors 21 and 22. 
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mmzms(Dm^^y-^2 5. 2Sat. di:^$A3 

<DlHlE:^Ifi3--fItBJiemSS^ 1 5<D1/^4ja^SJE»:b-t±/r 

loo so] m4RlSm^(0l&^±:y^2 4. 24a. 

2 5... 2 5al±. |gl7!lSm3<Dfflt§i-b>+^2 1. 2 

2. 2 3 tmm.^^^iei0m%t6iji^skm'fimLx 
^^). m^imJt^^mmm^ 4. 1 5cDts:^fpifaga' 

4. 24a. 25. 2 5 a Id:. B 1 T^SIg 3 C0«m-t2 > 
-t^2 1. 22. 2 3^P«. frlE5SE«fttaSS**^^l3j: 
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4, 2 4 a. 2 5. 2 5 a (X)gJI2^SlHlSS<Z)afi'J«*(C 

[0 0 6 1 ] C(DJ:-5^'<*:fi2iS,-tr>+^2 4. 2 4 a. 2 

5. 2 5 a(Dtii^SJiV24. V24a . V2S . V25a it. 

-tr>+^2 4. 2 4 aCTDl^. 2 40til:^SEEV24liiE?i;K 
tfeCDS^WlE^fc^^f L, 2 4 a(D£tl:^SSV24a f±fIIB 
£li:hmi±V24 (DmS^ 1 /"4)iaflS?Sb1^^::Jlflfla^^^fc 
^fe-fo |g5(7)fiSm-tr>Ht2 5, 25 a(7)P»q. 2 

5a)tli:^SJEV2S (i. I — va 2(??S+t(c j; or 



ffi^ 1 /^4ja»jM?^^bi±f-ii»iMIE1b^^i:-ro 
7(7)A:^a5(c(iSijf2lR4:au^m5(7)mS:ir>1f 2 4. 2 

4 a. 2 5. 2 5 a mia^CD^ftiS^^^tb-r-S^iE 

[00^63] um'^Miiit. B4:at/m5(7)ffis:-tz>+h 

2 4. 2 4 a. 2 5. 2 5 at<^ti LtzihtiW.E.V2i . 
V24a . y25. V25a t^i^m^.ttlikTi^m^^i' ^MMi:^ 

[0064] ^»e»3 0$lPlS^?1±fc<bt<»®4<;>Ka 
i?>i:^2 4. 2 4 a(Dfch:;bmEV24. V24a CDlE^bli. 

5C ( 1 1) :sLt/jC {^ z) t Lxm^ti^. 



jSL. 2 5 a a)ili:^^EV25a (iMsBtl4:^SEV25 

V24 = A24 - s i n (m • 04 ) + V024 ••• (1 1 ) 
V24a =A24a - cos (m ■ 04 j +V024a •■•(12) 
flL. A24. A24a (±*^tti^]Sl±V24. V24a (7)^ 4 a a)/<-f 7X SEl? fc -i) o 

tS/m(i|g4(Dm^;'6^1 4C01 leHc^l-j^Jlfi^^. 0 [O O 6 5] |g5CDfiSa-tZ>^t2 5. 2 5 a CO 

4 itm^(pi&%)^^i 40immmo)XjjM^(Dm&fk thtim&vzs, yzsa omitit. st ci 3) ^r/se (.1 

V024. V024a 4 0)^^-^ 2 4 . 2 4) i: LT^^+lSo 

V25=A25 -sin (m ■ 05 ) + V 025 ( 1 3 ) 

V25a = A25a • c o S (m - 05 ) H-V025a (14) 



fiL. A25. A25a (i*>^?liJ:tiaEEV25 , V25a (Djg 

V025. V025a 5 (Offlt^-fcr Vlf 2 5 / 2 

5 a (D/\'^7XSjEl?fc^o 

[GO 6 6] S4St/S5(7)^^-tr>+)-2 4. 24a. 
2 5.. 2 5 a(Ddi:^f^tt(iBS|Hl-^^:H'&o ^or. 
fSA24. A24a . A25. A25a ^Pfi^Oi^AiZjEUL. 
TXSJEV02I . V022. V023 *RffSC7)fii VO(C 
04 = ( .1 /m) • arcs i n 



mjLr^ZtlZjz-oX. 5t (1 1 ) . it (1 2) . xC 
(13), RlS^ (1 4) li*>5?3£ (1 5) , xE (1 

6) . 5t (i 7) . :at/xe (i a) ttji^o 

V24 = A ■ s in (m ■ 04 ) + VO ••• (15) 
V24a -A • cos (m ■ 04 ) ^VO ( 16) 
V25=A • s i n (m ■ 05 ) +VO ■■• (17) 
V25a =A-cos(m-05)+VO — (18) 
[006715C (15).. 5^(16) (19) . 5fc 

(2 0) -wIEj^U. Il^ftg04 i^isb^o 
{ (V24-VO) /A) 



' ... (19) 

04 = ( 1 /rn) • a r c c o s { (V24a -VO) /A] 

(20) 

[0 0 6 8] xC (1 9) . ^ (2 0) t^P>lt. ^^fkm [0 0 6 9] f^^lC. (1 7 ) . 5Ee ( 1 8 ) ^xC ( 2 

04 7!)<2oro3}^iftb;»x^?5<. C*ib^lt«<L, -Sfc^ 1) ^ ^ (22) -^^ff^L. [H]fe^Jg05 ^^ib^o 

i»ft]t*iHiiEftjS04 turjaffl-r^o 

05 = ( 1 /m) • a r c s i n { (V2S -VO) /A] 

- (2 1) 

0 5 =: ( 1 /m) • a r c c o s { (V25a -VO) /A) 

(2 2) 



[0 0 7 0] xC (2 1) . 5C (2 2) 
05 ;!)<2oTo*A^b>l^7i)<; C+Lb^i±iSL. -ai" 

[0 0 7 1 1 »ijs^g7itiPi^iijs 0 4 tmm^ 

tf)fc[H]e^|g04 '<tSit«tL. mtlH3 O^SIi^lSl 
^^J^^-So ^b(CjE:^|a]-v(7) [allelic. ttJ:^SJ±V24a 

L. m:*r[S]-.cD[s]J£^lctti*aEV24a t<^—otu^ 



H5tBiE:&fa]--cD[pl|cK(c. tii^JSEV25a 

m:fiflS]--C0I5lg^|-m*SEV25a ;b<t:-^^:^C^ 

[0 0 7 2] -tLX. :tlO>'^ C 4CDfI{r3 6 0^ 
^Si:tc*gS(:::0 4 ^iJD^SI"^ Cirlc J;o,TA:t)$i 1 (7) 
IiH£^§ffi0tN :tlO>^C5COfi|(C3 6 0 " /m 
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[0 0 7 3] ^ib{zmm<DBmA tmmiz^ d o) 

[0 0 7 4] -^i^fzmiinA dlZH^Jtt^ h/u^T^. 

[0076] siffico}^®2(c&or[i, mims omt 

-r'&<t <t^,irai:/3$4 3;!»<lElfeL,. m4 7!iS3g5CDiSm« 

|g5(7)5^S;-bl/-«t2 4. 2 4 a, 2 5. 2 5 a(Cct:or 
m^iZi^th^M.. ^tlbfiEm-tr>^2 4. 2 4 a. 2 

10 0 7 7] mi^^ittzm4(Dm%'t::y^2 4. 24a 
<;)t±l:^mi±V24. V24a ;t)^ b A*)M T ODlslfei^i iS]. A:^ 

«1 <7)ffi^4ijS(C*t-r*Is|fe^^«^IM&tf«*ttft3 0(0 

5 aCOtii:^SEV25, V25a btii;bl4 3 cDSSf^*/S(c 
01N. 0OUT (7)ftJg^A0(r)£i:fc h;U'i7T;!)<3Ri?)b 

:frLTSJlIEttJ^a3^?ii*l[sllcL. iiSMBj-r^o 
[0 o 7 8] CcD^fe^lcAj^ttl IciD+^-g) K;K7^giai 

^1 4<i:. ai;bf*3(rig(t^ lo<;)5S^»^1 5i. A 
1 (DfiSSJRIfe 1 4 * 5 i::@lg^?*i-5 2ffl 

(;)Ka-tz>+h2 4. 24 at. ^t^^3(Dm^^^^5 
J:-5i::@^^^^2fflC0^^-tr>-^f 2 5, 2 

c ^ A<T- ^ -5 mmti:m^mj&0 k;u^ -t? >-9-t* * ^ 

[0 0 7 9] fSj. iil±ift0^Lfcllffi<Dfl^^2T(i. ^4 

:atfig5 0«a-b>-9-2 4, 24a. 25. 253^5^ 

>J7 2ffl<t Lf-*<. ^(Dffe, B4a)iiim-fcr>tl-2 4, 24 
a^2<a<!rL. '^5(;)^S-tr>+J-2 5^ Hi,t LT. A 
(2 1) t^b^#bKi>2O(D{llS^^J^0 5 (DP^, B4(n 
aSa-tr>-9-2 4. 2 4 a<^ttl:^SEV24. V24a ;!)^b^ 



[0 0 8 0] mm(DBm2{zt^i^x. ^to^^omj^Ru 

[0 0^8 1 ] USSCDJ^^SI . 2(C^l^r. ^m^^^l 1 

- Lr^,J:l^o ifattt*rs<Dgr«:4, 5. re. 1 

t<.-m\tum(r>mi*^4. 5. is. i7ic£b«xii«tt 

ft; 4, 5.16. 1 7{zm-:^ltM^<Dm%&^^ 1 ~ 
1 s^Bifxi^i^o 

[0.0 8 21 ^fc. m:mmm^. 2{z^i^x. m%^& 

^1 1-1 5Ii. A:^*ftl Jtl/l±i:til*3^^iJfiirl5ltb 

Ht-tf|{*4, 5, 1 6. 1 7(rt5(t. IgMit|:4. 5, 1 
6. l7^A:b$4K ili±ia3(cniS@SLf-;b<. -^-cD 

ffe. jssm>s^i.i- i 5*. <jjj:tfi*A:t)$6i;&r;£ii^ffl 
[0 0 8 3] ^fc. m^omm^, 2{z^i^x. m^'\z 

>-9-2 1 --. 2 5 a A<K:E^(1x., fSIKSIC J; oTiltttt 

sa>«as[^fei 1-1 55S^ic»**ff^isf -Scfc^icu 
xi^fzt<. m%)&,^^ 1-1 s^iae^tr. cnb(D 

jS:mzm^^Bf&-t^^o\zLXt^l^o ^fz. a^-tr 
>^2 1 -2 5 a;5<5t/?lrx^-5i*(Z)fiamgta?>S^*^ 

(i. A:^:tti:at/di:^tt3(7)|4:g:^iS]ir. Kl^asii i 

-1 5(Dmi^tmmm(T>mm^mxx^^x^r^i^. 
iz. m^^^-^^izmi^-^xm^x^Lxt^i^ 

[0 0 8 4] ^tz. »a-tr>+^2 1-2 5ali. 

[0 0 8 5] *fc. hyu^^-b^-t^-li. mSb 

[0 0 8 6] 

isit-i) 3 ^om%}&^Risz^{znjt^:b3m(Dm%'\z 

[0 0 8 7] m2^Bfl(cJ;ti(*\ A:^f4SLi;tb:^«i(c|$ 
(t ^ 2 OCDjia;ttlfe3^ < i ^1 3 fi(»atf[-(z >tl-i& 

@^^^Sit(7) h;u^-t2>-t^-efc'5fci6. z^ ^ jiRxsmitt^ 

[0 0 8 8] S3«B^[Ccfc;Kff, A:dtt^t;ai*W^ 1 
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[0 0 8 9] m4^BA|-^tL(S, At>M0^^^&^y- 

-So 

[112] *:*9^|::^^ h;u^-b:>+^(;>IIS{BCDfl^g5 KDfiS 

[03] hj\.<7'^>^(Dm%':Am(Dm^m 

[04] *^0^(cii^si)5C^tgx^g(O hJU^-trvit-M 
[125] **B^(::11S h;u^-tr>^t<DllJ6a)fl^® 2(0*8 



in^omm] - 
1 

2 
3 

1 1 
12 
1 3 
1 4. 

1 5 

2 1 
2 2 
2 3 
2 4. 

2 5. 2 5 a 



m2(7>ifflEm*ife 

: m4<o»m*lfe 

2 4a |g 4 COfiSSHz : 



30 



21 

X 



HI® 




22 



[Hi] 

7 



IP 
B 



BUBS 



23 



[US] 



11(12.13) 



5 13 



/a 




[06] 



to 




Z 



Z5 




0* 



14- 



Z. 



2 



i: 



1 



III 



I 



\2 



11 



60* 120" 



24a 



25 9 



80' 



( 10 ) 



^^ga2oo1-o91375 



[112] 
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mil 

(a) 




(b) 




F-Si— 2F051 AA01 AB05 AGOl BA03 

2F063 AA34 BA08 BB05 BC10 B016 
. CA34 DA01 DA04 DA08 DB01 
DC03 DD01 EA20 GA01 KAOI 
KA04 KA06 LA02 NA06 ZA01 
3D033 CA03 CA13 CA16 CA17 CA21 
CA28 CA29 



